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@ Display device. 



@ The display 1 has a video signal receiver 2 and a store 3 with a capacity to hole one picture of the video 
signal. Row-output devices 4 to 7 enable the video information for respective rows of pixels to be taken out from 
picture store 3, and each has a bit extractor 8,to 11 to separate out one of the information for each pixel of 
the respective row. The resultant signal is passed to pixel drivers 12 to 15 which operates on a lattice 16 fomied 
of ferroelectric liquid crystal pixel-elements, which are time-multiplex addressed according to a predetermined 
sequence, each row being addressed a plurality of times for each picture. In the addressing groups of the rows 
are set simultaneously, each group consisting of a plurality of rows spaced apart in the addressing sequence 
such that the rows in a group fomi a series with adjacent rows having a temporal separation in the addressing 
sequence exhibiting a binary progression. 
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DISPLAY DEVICE 



The present invention relates to a display device, and espedally. but not solely, to a grey-scale 
television display using bi-stable elements, for example made from fen-oelectric liquid-crystal material. 

British Patent Specification No. 1594151 discloses a display in which each element is driven for a 
period proportional to the value of the binary video signal. 
5 The present invention provides a display device comprising: 

means to receive a signal representing a plurality of pictures for display; 

a lattice of pixel elements, each selectably settable in dependence on the respective part of a received 
signal representing one picture for display; 

means to effect time-multiplex addressing of rows of pixel elements according to a predetermined 
10 sequence, each row being addressed a plurality of times for each picture; 

the addressing means including means to set simultaneously groups of the rows, each group consisting of a 
plurality of rows spaced apart in the addressing sequence such that the rows in a group form a series with 
adjacent rows having a temporal separation in the addressing sequence exhibiting a binary progression. 
Preferably, a signal for a picture includes a plurality of portions each representing the' data for setting a 
75 pixel element in the lattice, each such portion being constituted by a plurality of sections, a section 
representing the addressing-data for the pbcel element in respect of one address in that picture. 

Preferably, the addressing means Includes: means to set all the pixels of one row of a group in 
accordance with a section of the pixel data in one picture and. sequentially in a Une period, to set all the 
pbcels of another row of the group in accordance with another section of the pixel data in that picture 
20 Advantageously, each group of rows is formed of four rows each of which, during one setting operation, is 
set in accordance with a section of pbcel data different from the others in the group. 
. After being addressed, *e pixel elements remain, or are maintained, set until the next addressing 
occurs. Thus the time duration of each pixel being set depends on the temporal separation in the 
addressing sequence between the relevant pixels, this separation having a binary progression relationship in 
25 a group as hereinbefore indicated. Thus the addressing means operates to set a row for a first predeter- 
mined time interval in one address for a given picture, and then to set the row for a second predetermined 
time interval in another address for that picture, thereby providing tliffering setting times for different 
addresses of a row for a given picture. 

Preferably tiie display device comprises means to produce a value for tfie mean brightness level for a 
30 picture, and means to effect scaling of the sections of pixel-data for each group in the next picture in 
accordance with the produced mean brightness value for the said previous picture. 

The present invention also provides a method of operating a display device having a lattice of pixel 
elements each selectably settable, ttie mettiod comprislng:- 
receiving a signal representing a plurality of pictures for display; 
35 time-multiplex addressing rows of pixel elements a plurality of times for each picture; 

tiie addressing step Including setting simultaneously groups of tiie rows, each group consisting of a plurality 
of rows spaced apart in tiie addressing sequence such that tfie rows in a group fomi a series witfi adjacent 
rows having a temporal separation in ttie addresrfng sequence exhibiting a binary progression. 

Preferably, ttie addressing step includes: setting all ttie pbcels of one row of a group in accordance witii 
40 a section of tiie pixel data in one picture and. sequentially in a line period, setting all tiie pixels of anottier 
row of ttie group in accordance witii anottier section of ttie pbcel data in ttiat picture. Advantageously, each 
group of rows is formed of four rows each of which, during one setting operation, is set in accordance witti 
a section of pixel data different from the others in the group. 

Preferably, ttie mettiod includes producing a value for ttie mean brighttiess level for a picture and 
45 effecting scaling of ttie sections of pixel-data for each group in tiie next picture in accordance witti ttie 
produced mean brightiiess value for the said previous picture. 

The present invention enables ttie effective addressing of a lattice of bi-stable settable pbcel elements 
wittiout requiring additional lines and drivers, or high resolution spatial ditiier techniques or exttemely fast 
switching times. 

so Preferably, a pixel comprises one or more liquid crystal cells. 

The present invention is appficable to colour displays and to monochrome displays. 
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Another aspect of the present invention provides equipment suited and/or designed for the generation 
of signals of a format for a display device embodying the present invention, for example of a format as 
described and shown herein. Further aspects of the present invention provide equipment suited and/or 
designed for the transmission of such signals, equipment suited and/or designed for the reception of such 
5 signals, and equipment- for the processing of such signals. Thus, for example, the present invention 
embodies a driver integrated circuit which is suited and/or designed for the addressing of a display device 
In the manner herein described. 

In order that the invention may more readily be understood, a description is now given, by way of 
example only, reference being made to the accompanying drawings, in which:- 
10 Rgure 1 is a block circuit diagram of a display device embodying the present invention; 

Rgure 2 is a representation of part of a digital video signal for use with the display device shown in 
Rgure 1; 

Rgure 3 is block flow diagram of part of the operation of the device shown in Rgure 1 : 
Rgure 4 is a representation of the addressing sequence of the device shown in Rgure 1 ; 
15 Rgure 5 is a representation of a processing stage in another display device embodying the present 

invention; and 

Rgure 6 is a block circuit diagram of part of a display device in accordance with that of Rgure 5, and 
Rgures 7 to 11 relate to another fonm of the invention. 
In Rgure 1, the display device, generally designated as 1. has a video signal receiver 2 and a store 3 
20 with a capacity to hold an adequate amount of the video signal to enable the display of a complete image, 
i.e. one picture of the video signal. There are also four row-output devices 4,5.6 and 7, each of which 
enable the video information for a row of pixels to be taken out from picture store 3; each such device has a 
bit extractor 8,9,10 or 11 respectively to separate out one bit of the information for each pixel of the 
respective row. the resultant signal being passed to a pixel driver 12,13.14 or 15 which operates on a lattice 
25 16 formed of 600 rows each of 50 bi-stable surface stabilished femDelectric liquid crystal pixel-elements. 

Rgure 2 shows an abbreviated fonm of a video signal suitable for use with tiie display device 1 and 
conBsponding to one picture in length. This signal tias a flag pulse 20 to indicate the start of the signal for a 
picture, and then a number of positions (only one being referenced, as 21). each being the display data for 
a particular pixel (as indicated by the bracketed co-ordinates in Rgure 2. whereby )W refers to the pixel of 
30 row X, column Y). More specifically, each portion 21 has four bits each of whi«h represents the setting 
value for use in one of the addressing stages as described hereinafter in relation to Rgures 3 and 4. 

Rgure 3 shows the sequence of operations of the row-outputs, bit extractors and* pixel drivers during a 
line period, while Rgure 4 shows the mode of addressing perfomied on certain of the rows over a picture 
period. 

35 Rgure 4 shows the display device 1 at the stage at which rows 281, 441, 521 and 561 are being 
addressed in a given line period. Thus each pixel element in row 561 of the lattice which has a "1" as its 
first bit (i.e. least significant bit) is turned on. while all the other pixel elements are turned off; accordingly, 
taking the video signal shown in Rgure 2, pixels 561/1 and 561/2 would be on and pixels 561/3 and 561/4 
would be off. Similariy each pixel element in row 521 which has a "1 * as its second bit is turned on, each 

40 i^ixel element of line 441 which has a "1" as its third bit is turned on. and each pixel element of line 281 
which has its fourtti bit (i.e. most significant bit) is turned on. All these pixels are addressed sequentially 
within one line period. 

In the next line period, lines 282, 442* 522 and 562 are addressed in exactiy the same way as were 
lines 281. 441, 521 and 561 respectively in the previous line period. Ukewise for the next and subsequent 

45 line periods. However, in the 41 st line period the addressed lines are 321. 461. 561 and 1 (the latter being 
effectively line 601). Therefore line 561 which was addressed by the first bit of the display data in ttie first 
line period is addressed by the second bit of the display data; the interval between the two addresses is 40 
line periods, so that the first bit display data drives the relevant pixels for a time Interval which is 1/16 of a 
picture period and which corresponds to one grey level. The third addressing of line 561, by the third bit of 

so the display data, occurs after a further 80 line periods, so the second bit display data is used for a further 
2/16 of a picture period and -therefore conBSponds to two grey levels; the next addressing is by the fourth 
bit after another 160 line periods and so the third bit display data is used for this time interval which 
conBsponds to four grey levels; the next addressing is by the first bit after anottter 320 line periods which 
conresponds to eight grey levels. The human visual system has a response which Integrates these 

55 individual grey levels. 
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In the same wray, each line in the picture is addressed four times during a picture period, at intervals of 
40, 80, 160 and 320 line periods, and each pixel element can be turned on for any one or more of these 
intervals as considered appropriate. Thus a display data portion of four bits defines one of 16 grey levels. 
Taking the display data portions shown in Rgure 2. 1/1 has level 8 of 16 grey levels, 1/2 has level 3. 561/1 
has level 13. 561/2 has level 1, 561/3 has level 8. 561/4 has level 10 and 600^0 has level 0. 

in any one picture it may only be possible to differentiate 16 grey levels; however this may not be 
adequate to display the fully dynamic range of brightness levels in successive pictures, since very bright or 
very dark pictures will lose contrast and fade out As an alternative to reducing the line address time to 20 
us to display 255 lines/field with a full 8 bit resolution, there may be used an adaptive greyscale scheme in 
which the mean brightness level of the preceding field sets the reference voltage of 4-bit A/D converter. The 
analogue signal is converted by the A/D converter so that the 4-bits scale the range of brightness in the 
previous picture ensuring tiiat 16 grey levels can always be resolved in each picture: Rgure 5 shows the 
quantisation of 4-bit levels for scenes of various contrast levels. This is achieved by detecting some defined 
mean brightness level of the previous frame; the level is compared with ttie 100% brightness level in a step 
comparator which then provides a variable reference voltage to scale the brightness levels. Figure 6 is a 
block circuit diagram of equipment which can achieve the adaptive scaling. 

To vary the brightness level on tiie display in accordance with the adaptive scaling, tiie rows in a group 
are scaled over a fraction of the address line. Address lines outside the group are blanked by a blanking 
pulse applied in the form of an additional bit of information at the end of tiie period displaying the most 
significant bit This decreases the line write time available from 67 us to 53 us. The rows in tiie group are 
compressed until the period for the least significant bit is only one line address time. If each field is 
addressed in two halves in parallel a group could scale a maximum of 150 Ones (100% Brightness) or a 
minimum of 15 lines (10% Brightness) witii a totaf of 10 brightness levels obtainable in all. Some or all of 
these brighbiess levels are used to define tiie variable reference voltages supplied to tiie A/D converter 
ensuring tiiat ttie brightness level in each scene is faitiifully reproduced. To reduce contouring effects tiie 
reference voltage signal may in fact be dittiered in a random fashion by an amount equivalent to tiie least 
significant bit to realise 5-bit resolution. This adaptive feature essentially provides an automatic comrast and 
brightness adjustment so ttiat at least sixteen grey levels can always be resolved in any scene irrespective 
of brightness. 

A display device which in^rporates in accordance witfi the technique illustrated by Rgures 7, 10 and 
11 differs from tiiat previously described in tfiat firstiy. data is accessed from ttie picture store 70, each 
significant bit tiien being stored in one of four RAMs 71 depending on tiie significance of each bit, in bytes 
of 8 bits. Secondly, data is retrieved in blocks of bytes in a fashion suitable to write a bit of a particular 
significance to a group of x lines of tiie display in one operation. The original scheme proposed only access 
to one line of data with each operation so the number of operations is now reduced by a factor x. 

In ttie previously decribed arrangement it was proposed tiiat tiie number of fines, m, scanned could be 
m e 2"*' x p 

where n is tiie number of bits and p is an integer. However, when ttie bits are written in a simple sequence 
of increasing significance as shown in Rgure 8, an en-or arises when ttie time to write each line is 
significant compared to the time of ttie least significant bit. Therefore, as shown in Rgure 8. when the 
minimum number of lines are scanned (15 fines for a 4 bit scheme) ttie One writing time error distorts ttie 
time division of tiie 4 bits to give a ration 0.75:1.75:3.75:8.75. 

The data handling process described above may generate significant errors in half-tone levels if ttie 
addressing sequence of Rgures 1 to 6 was employed. However, ttie addressing sequence can be modified 
to remove tiiis error as shown in Rgure 9; ttie addressing sequence is changed to address each bit 
according to its significance in ttie grder 1, -.3.4.2 where - represents a line period where no line is 
addressed (blank fine period). There are ttiree consequences of tiiis addressing sequence, namely tiie 
binary time division is enror free in ttie ratio 1:2:4:8; ttie number of fines scanned row becomes 12. or a 
multiple of this number; ttie time available to write each fine is reduced by 20%. 

The decrease in efficiency of line write time can be restored by extending tfie scheme and utilising ttie 
blank line period to switch tiie last 1/2 bit of ttie 3rd significant bit as shown in Rgure 10. This can be used 
in two ways: to provide a means of implementing a 1/2 bit en-or diffusion algorittim; to provide a reduced 5 
bit scheme. 

In ttiis case ttie 1/2 bit becomes ttie least significant bit (m«1) and must be subtracted from ttie 4tti 
significant bit; ttie standard binary logic table must ttierefore be modified accordingly as shown in tiie table 
of Rgure 11. From ttiat table, it can be seen ttiat of 32 half-tone levels in tiie reduced 5 bit scheme, only 
level 15 and 31 will not be accessible. 
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The scheme is suitable for us© with a two state optical device as as a Surface Stabilised Ferroelectric 
□quid Crystal Device (SSFLCD). However certain 'two field' addressing schemes are sometimes necessary 
to drive a SSFLCD. where the 'on' and 'ofT data are written in sequential fields which would not be 
compatible with the addressing sequence of Rgyres 1 to 6. However, using the. modified sequence of 
5 Rgures 7, 10 and 1 1 the group of lines addressed with the same bit significance (where the number of lines 
in group = total number of lines + 12) can be considered to constitute a "minifield*. This 'minified can 
then be scanned first with the •on' strobe and data, and immediately, afterwards with the 'ofT strobe and 
data with the introduction of only a very small en-or (S 1/4 bit) to the half-tone level. 

In the addressing sequence of Rgures 7. 10 and 11. the "1" bit is written in N/15 consecutive rows, 
70 then the "2" bit in N/15 consecutive rows and so on, i.e. all the rows of the "1" Binary Addressed Group 
(BAG) followed by 1/2 the rows of the "2" BAG, 1/4 the rows of the "3" BAG and /1/8 the rows of the -4" 
BAG. The picture store can therefore be addressed in blocks of N/15 rows instead of single rows, since the 
rows of the block are always consecutive, so reducing the number of address operations by a factor of 
N/15. 

75 However, this modified sequence may produce erors in the display period of each digit and 
consequently in the grey scale. For example, in a 60 line display the number of rows in a block would be 4 
and the bits would be written in the rows as follows: (4) 57. 58. 59, 60, (1) 1. 2. 3, 4, (2) 9. 10 11 12 (3) 25 
26. 27. 28 (4) 1. 2, 3. 4 (1) 5, 6. 7. 8 (2) 13. 14. 15, 16 (3) 29. 30. 31. 32 (4) 5. 6. 7, 8 etc. It c^ be seen 
that the "1 " bit is displayed in rows 1. 2. 3. 4 for the 3 line periods (assuming 4 rows are written per line 

20 period) before being re-written by the "4" bit whereas tiie display ought to be 4 line periods. Similarly the 
"2" bit is displayed for 7 instead of 8 line periods, the "3" bit for 15 instead of 16 and ttie "4" bit for 35 
instead of 32. To overcome ttiis. a further modification to the write sequence is proposed (in Rgure 9). 
Instead of writing the bits in the order 1, 2, 3, 4 they are written in the order 1. 0. 3. 4. 2 where 0 indicates 
that no row is written. Alternatively, a "1/2" bit can be written, during the "0" period. In the same row as the 

25 "4" bit. The "1/2" bit is in effect the LS.B. of a 5 bit binary number and increases the number of grey 
levels from 16 to 30. 

In other variant the display consists of n lines of separately-addressable SSFLCD light gates; a typical 
value for n for use in television might be 575. Each line contains about 1.7n light-gates for a television 
picture having an aspect ratio of 9:16. Each light-«ate (pixel) is divided into at least two subpixels having 
30 Open areas a. b which could bejn the ratio about 1:2.5, 

By suitable logic circuits in the binary coded video input, if p - q =: 2. these subpixels are addressed as 
a, b or a+b, so giving light outputs in the ratio 1 : Z5 : ZJ5. Further logic circuits are simultaneously used to 
implement a 2-bit BAG scheme, so giving a similar set of exposure times in the ratio 1:2:3. Thus, by 
combining simply in pairs, the available halftones are as shown in Table L 

35 

Table I ; Halftones w ith 2-blt + 2-blt, Simple Processln<^ 
(blacklevel « 1; ratio of times 2:1) 
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Subplxel 


Time 


Total 




0 


0 


1 




1 


1 


2 


45 


1 
1 


2 
3 


3 
4 




2.5 


1 


3.5 




2.5 


2 


6 


50 


2.5 


3 


8.5 




3.5 


1 


4.5 




3,5 


2 


8 


65 


3.5 


3 


11.5 



The spacing between the various available levels with this scheme must be compared with the minimum 
discemable contrast difference under average viewing conditions of 3 dB. This shows ttiat 2-bit spatial and 
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2-bit temporal division should be adequate for halftoning until the maximum contract ratio as set by the 
panel construction (e.g. alignment) are improved or until the contrast ratio is better than about 24 dB (16:1). 

If the spatially divided subpixel is combined with a particular bit in the temporal group, further halftones 
can be obtained up to a maximum of m = p + q bits. Thus 15 levels can be obtained in this way from a 2- 
bit subdivided pixel and a 2-bit time division. Table II shows how 15 separate halftones can be obtained 
from (2 + 2) where the ratio of the time slots Is 4:1. 



STABLE II 

Halfton es with 2-blt ^ 2-blt, More Sophisticated Processing 

(blaclclevel « 1; ratio of times 4:1) 
g"faP^^^^ Time Total 

0 (both fields) 0. (both fields) i 

0 (1st field) 1 

1 (2nd field) 4 e 



O (1st field) 
2.5 (2nd field) 

0 (1st field) 
3.5 (2nd field) 

1 (1st field) 

0 (2nd field) 

1 (1st field) 
1 (1st field) 

1 (1st field) 
2.5 (2nd field) 

1 (1st field) 
3.5. (2nd field) 

2.5 (first field) 

0 (2nd field) 

2.5 (1st field) 

1 (2nd field) 

2.5 (1st field) 
2.5 (2nd field) 

2.5 (1st field) 
3.5 (2nd field) 
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Subpixel 


Time 


Total 


3.5 {1st field) 


1- 




0 (2nd field) 


4 


4.5 


3.S {1st field) 


1 




1 {2nd field) 


4 


8.5 


3.5 (Ist field) 


1 




2.5 (2nd field) 


4 


14.5 


3.5 (1st field) 


1 




3.5 (2nd field) 


4 


18.5 



75 The next stage is to use more bits in either the spatial or time division or both. 

If combinations are used, there would be 31 greyievels: this is more than could be justified on the basis 
of what the eye can just see except in the case of some particular non-random images such as lines, 
gratings, regular geometrical shapes etc. 

Normally an overall gamma of 2 is desirable because the transmitted video is usually compressed. It 
20 has been shown that an adequate television picture can be produced with a 4-bit signal reproduced on a 
CRT with a gamma of about 2 providing contouring is eliminated by 'error diffusion'. The SSFLCD can be 
made to have a gamma of 2 ff an m-bit divided subpbcel is simultaneously addressed by a m-bit BAG or 
pulsed backlighting scheme so that the same bit in the video byte Is used for botii. 
There will now be described various schemes for addressing, namely:- 
25 (a) Monochrome : no BAG: Greyscale Divided Pixel: If the pixel is divided by a binary sequence 

into d divisions, there will be about 2^ halftones, and the time available for writing a line is unchanged, but 
the number of column conductors is increased by a factor d. 

(b) Monochrome : BAG: Undivided Pixel: If time division multiplexing is used, g grey levels are 
obtained by writing each line witii g different time slots. In tiie BAG scheme this requires each line to be 
30 written n times where 
n = log(g)/Iog(2) 

<c) Colour niters ; BAG: Pixels Divided: If a greyscale of P levels is achieved by dividing the'pixel. 
and of Q by a BAG scheme, a grayscale ofG-PxQcanbe obtained. The time available per line is m 
times shorter than a simple scan where 
35 m = log(g)/log(2) 

If colour is added by colour filter dots. (3) becomes 

m(c) = c log(g)/log2 

where c is constant between 2 and 3. 

(d) Writing From Top and Bottom: If the display is written in two halves, these can be addressed 
40 (written) simultaneously, and there is twice as long for writing a line as in (a) - (c). 

(e) Quad Multiplex: In this scheme, pixels ere accessed for their 'line' electrode from the top as well 
as the sides using a kind of interdigitated structure. This gains a' factor 4 in available tine time over (a)-(c]. 

(f) Frame Sequential Backlighting - Full Coloun For an m-bit grayscale by time division, the display 
needs to be written approximately 2m times and tiie backlights pulsed on for m times in a binary sequence 

45 of integrated light intensity. If tiie pixels are already subdivided, then, for three colours, it is possible to write 
the tricolour frame witii two full-resolution green fields and one each of haff-resoiution red and blue wtth 4 
writing pulses. Erase pulses are not necessary between successwe writing processes if tfie entire field is 
written every time it is changed. 

Because ttie same resolution is not needed in ttie blue and red compared witii green. 575 line 4-bit green 
50 + 288 line 2-bit blue + 288 line 2-bit red give a visually acceptable entertainment TV picture. This means 
the pixel should be divided and ttie backfights pulsed on twice per 15 ms for green, and once each for red 
and blue. 

(g) Frame Sequential Backlighting ; 7 . colours: Witii pulsed t>acklighting and no halftones, only 7 
Colours are available (as in teletext). This v^lfallow more time per line for writing. 

55 Table 111 shows details of the various options. 
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TABLE 111 : Details of Three TV Panels 

All three panels are based on a television display running at a frame rate of 65 Hz. and with an aspect 
ratio of 16:9. There are 575 active lines and no interlace. 
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Time/line 



Subplxel Halftones 

RGB 
1. Pulsed backlight 9(15) 3 3 32 

divided pixel, 
quad multiplex/ 
Resolution G » 575 x 1022 
R « 288 X 511 
B = 288 X 511 
(allowing 1 ms for the lamps) 



35 



2. Colour dot 15 15 15 ig 

divided pixel according to 
the colour filter pattern 
BAG (4,4,4) 
quad multiplex 
Resolution G * 575 X 1022 

R - 288 X 511 

B » 288 X 511 
described under (c) and (e) 



r 



so 
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3. Colour dot, 9(15) 9(15} 9(15) 52 

Divided pixel. 
Pixel further divided according 
to the colour filter pattern 
2-bit BAG 
quad multiplex 
Resolution G « 575 x 1022 

R « 575 X 511 

B « 575 X 511 

Please note that the figures in brackets in Table III refer to the halftones available by the more 
sophisticated signal processing of the kind shown in Table 11. The eye may not be able to discriminate as 
many halftones as this, and it is not necessarily an advantage to go to these lengths. However suitable 
logic circuits might be employed to retain only those combinations which would be useful and particularly 
near black, additional levels could be added by alternating randomly between two of the quantized levels 
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By using time-division and divided-pixel systems simultaneously, the following advantages are 
achieved: the spacing between the available halftone levels with simple signal processing (Table I) is more 
uniform; the restrictions on the available photolithography, space available for conducting lines and speed of 
switching the liquid crystal or backoight can aft be taken into account so that just one of these does not 

5 alone limit the available number of halftones; a 2-bit BAG scheme and a pixel structure divided into two. 
should be adequate for many SSFLC flat panels for entertainment television; a large number of halftones 
could be employed with the same panel construction by . using more sophisticated drive electronics, or 
alternatively, very similar drive electronics could be used with a more sophisticated panel to do the same 
thing; as shown a very similar scheme can be used in a frame sequential system using pulsed coloured 

70 backlighting; the method. is expandable for time or space elements which are not strictly in a binary 
sequence, examples being given where the dynamic range was widened by using pseudo-binary se- 
quences of 1 : 2.5 : 3.5 and 1 4 : 5. the gamma of the display can be made 2 by using the same bit in the 
video byte for both time and spatial division. 

75 

Claims 

1. A display device comprising 
a lattice on the respective part of a received signal representing one picture for display; 
20 means to effect time-multiplex addressing of rows of pixel elements according to a predetennined 
sequence, each row being addressed a plurality of times for each picture; 

the addressing means including means to set simultaneously groups of the rows, each group consisting of a 
plurality of rows spaced apart In the addressing sequence such that the rows in a group form a series wfth 
adjacent rows having a temporal separation in the addressing sequence exhibiting a binary progression. 
25 2. A display device according to Claim 1, wherein a signal for a picture includes a plurality of portions 
each representing the data for setting a pixel element in the lattice, each such portion being constituted by 
a plurality of sections, a section representing the addressing-data for the pixel element in respect of one 
address in that picture. 

3. A display device according to Claims 1 to 2. wherein the addressing means includeg: means to set 
30 'all the pixels of one row of a group in accordance with a section of the pixel data In one picture and. 

sequentially in a line period, to set all the pixels of another row of the group in accordance with another 
section of the pixel data in that picture. 

4. A display device according to any one of Claims 1 to 3. wherein each group of rows is formed of four 
rows each of which, during one setting operation, is set in accordance with a section of pixel data different 

35 from the others In the group. 

5. A display device according to anyone of Claims 1 to 4. comprising means to produce a value for the 
mean brightness level for a picture, and means to effect scaling of the sections of pixel-data for each group 
in the next picture in accordance wfth the produced mean brightness value for the said previous picture. 

6. A display device according to any one of Claims 1 to 5, wherein a plurality of liquid crystal cells form 
40 the lattice. 

7. A mettiod of operating a display device having a lattice of pixel elements each selectably settable, 
the method comprising:- 

receiving a signal representing a plurality of pictures for display; 
time-multiplex addressing rows of pixel elements a plurality of times for each picture: 
45 the addressing step including setting simuftaneously groups of the rows, each group consisting of a plurality 
of rows spaced apart in tiie addressing sequence such ttiatthe rows in a group form a series with adjacent 
rows having a temporal separation in ttie addressing sequence exhibiting a binary progression. 

8. A method according to Claim 7. wherein tfie addressing step includes: setting all the pixels of one 
row of a group in accordance with a section of ttie pixel data in one picture and. sequentially in a line 

50 period, setting all the pixels of another row of the group in accordance with another section of ttie pixel data 
in that picture. 

9. A method according to Claims 7 to 8, wherein each group of rows is fonmed of four rows each of 
which, during one setting operation, is set in accorelance with a section of pixel data different from tiie 
others in the group. 

55 10. A method according to any one of Claims 7 to 9. comprising producing a value for ttie mean 
brightness level for a picture, and effecting scaling of tiw sections of pixel-data for exah group in the next 
picture in accordance with the produced mean brightness value for the said previous picture. 
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